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possibility  of such  a surface heat was also  explicitly recognized  by Lorentz (14), after it was suggested to him by Budde (15).
The new surface heat that Kelvin had to postulate was a reversible generation or absorption of heat at the surface of a conductor when the surface charge changes. So far as I am aware the existence of the effect has never been demonstrated; in fact the papers of Lorentz and Kelvin seem not to be generally known, and apparently no serious attempt has been made to discover the effect. I shall return to this matter later in connection with a deduction of the same formula by a method similar to that of Richardson.
THERMIONIC EFFECTS.
This is probably as far as we can get by an application of the two laws of thermodynamics to these two phenomena. Further progress demands different types of experiments from those contemplated in the applications above. Now this new order of experimental fact has been supplied in the last few years, in principal part by the work of Richardson (16) on thermionic emission. In this work the energy relations and transformations are discussed when electricity is taken directly through the surface of the metal from metal to ether. In the previous work of this paper we have been restricted in transferring electricity from conductor to conductor to the staid and classical methods of motion over the metallic surfaces or through the body of the metal. We may now extend our thermodynamic processes to cycles in which electricity is transferred from one conductor to another through the surface and the surrounding ether.
Richardson has developed by thermodynamic arguments many of the formulas connecting thermionic effects with those already discussed, but he has frequently made specific assumptions as to localized E.M.F.'s, and has further, it seems to me, confused or used interchangeably the thermodynamic quantities, quantity of energy, quantity of heat, and work, and has not sharply specified the conditions to which some of his quantities, notably the heat of vaporization of an electron, apply. A critical examination of his methods will suggest changes in his formulas.
The starting point is the observation that at high temperatures all metals emit electrons, and therefore, when in a state of equilibrium, are surrounded by an electron atmosphere. The density of this atmosphere becomes rapidly lower at lower temperatures, but we assume that it essentially exists at all temperatures, and obtain what information we can from the fact of its existence. The density of this gas is so small under ordinary conditions that the charge it carries does not affect its